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Abstract: The transition from one guided wave to another is important for the integration of different microwave devices. A 
quadraxial feeding network was recently proposed by the authors [1], [2] for the quadruple-ridged flared horn (QRFH) 
antenna. This feeding technique allows the excitation of the two orthogonal TE11 fundamental modes in a circular quad- 
ridged waveguide (QRWG), required for the wideband dual-polarisation operation of a QRFH antenna. 


The differential excitation of the pin pairs in the quadraxial feed is intended for the integration with differential low-noise 
amplifiers (LNAs). Such a compact solution is attractive for the next-generation radio telescopes which require ultra-low 
noise performance, hence the necessity for accurate models of the input impedance of the antenna to enable optimal 
noise matching with the LNAs. 


In this work an equivalent circuit model of the quadraxial feed is presented. The circuit is synthesised by only 3 unknowns 
and achieves accurate input impedance for a wide range of dimensions. This model gives insight into the operation of a 
quadraxial feed and allows fast synthesis of optimal feeding designs that would ensure a strong excitation of the desired 
mode at the input of a QRFH. 
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Introduction 


A quadraxial feeding network was 
recently proposed by the authors 
[1], [2] for the quadruple-ridged 
flared horn (QRFH) antenna, shown 
in Figs. 1 and 2. When fed with two 
differential pairs, this feeding 
technique allows the excitation of 
two orthogonal TE,, fundamental 
modes in a circular quad-ridged 
waveguide (QRWG), with improved 
Suppression of higher-order modes 
over a very wide band. For design, a 
good circuit model is needed for 
the feed network. This work 
presents such a network with only 3 
elements, which allows for fast 
optimisation. 





Figure 1: A manufactured QRFH antenna employed 
with a quadraxial feed [2]. 


Asep = (g/2 + t/4 + apin) (1) 





(a) 


Figure 2: (a) View in the xy-plane of the back of the throat where the pins feed through the wall. (b) Cross-section 
view in the yz-plane of the quadraxial-fed throat. 


Equivalent Circuit Model 


The equivalent circuit consists of an impedance transformer with winding ratio K:1 which transforms the 
impedance of the differential TEM mode (Z,) in the quadraxial line to the impedance of the TE,, mode (Z,) 
in the QRWG, and shunt elements L, and C, which model the reactive fields generated at the 
discontinuity, formed by the transition from the quadraxial line to the QRWG |i.e. at plane C-C in Fig. 2(b)]. 
The model is valid for a single-mode excitation, demonstrated here over a band from 2 to 12 GHz. 
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Figure 3: The equivalent circuit of a quadraxial feed. 


Circuit Component Dependencies 


To illustrate the dependencies of the different circuit components on the physical dimensions, the 
quadraxial feed is implemented in Throat1 and Throat2, respectively reported in [3] and [4] for different 
QRFH designs. The transformer ratio is calculated with equations (2) and (3), where Y, is the input 
admittance as seen from the pins, referred to plane C-C in Fig. 2(b), and averaged over the frequency 
range of single-mode TE,, propagation. As expected, the equivalent input resistances (R,,) of these throats 


are almost equal to the respective characteristic impedances of their designed coaxial feeds, i.e. Za = Req 


How Does This Model Improve The Feed Design? 


The equivalent circuit model allows one to design a transition for a wide range of input impedances and 
dimensions. Additionally it gives insight into the operation of the transition. E.g. if the lower frequencies 
are mostly mismatched, it is clear from the circuit model that this is caused by a small value in the shunt 


inductance (L,), which is directly dependent on the size of the outer diameter of the quadraxial line (a,,). 


Why The Quadraxial Feed? Port 1 J 


e Pure-mode excitation over 6:1 bandwidth 

e Improve radiation performance of a QRFH ROH 
Y Beamwidth stability — 
Y Cross-polarisation levels E 
v Phase centre stability 
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e Compact solution for LNA integration — Sa a 
e Robust for manufacturing ™ o 
Figure 4: (a) Quadraxial feed (b) Standard coaxialfeed. 
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Figure 5: (a) Modal excitation of quadraxial feed (b) Modal excitation of standard coaxial feed. 


Quadraxial Feed Implementation 


There are a few qualitative rules that need to be considered when designing the quadraxial feed: 

i. Each pin should be placed as close as possible to the inner edge of the corresponding ridge to 
minimise the excitation of higher-order modes. 

ii. The radius of the pin is limited by the ridge thickness — practically each pin has to be inserted into a 
ridge and therefore cannot exceed this size. 

iii. The radius of the outer conductor of the quadraxial line must be small enough in order to avoid 
resonances of the TE,, mode in the quadraxial line and to minimise the excitation of higher-order 
modes in the throat section. 


140 


120 


100 


R (@) 
QO 
Q> 


60) 


40 


l 1.25 1.5 1.75 2 2.25 Ed 


— Throat] 
— Throat2 
— t=2mm 
sencce t=2.5mm 
—— t=3mm 


10 11 12 13 14 15 


ay] (mm) 








— Throat] 
— Throat2 
— t=2mm 
coenes t=2.5mm 
—-— t=3mm 


10 11 12 13 14 15 
cyl 





T 
S 
O 

paa 
—— Throat] 
—— Throat2 
—— t=2mm 
manan t=2.5mm 
—— t=3mm 

2 4 6 S 10 
Loyi (mm) 


Figure 6: The circuit component dependencies on the physical dimensions. The values for the components are 
empirically extracted from the input impedance of the full-wave simulation in CST-MWS. 


a „794mm, t=2mm, R, =1092, L =2.4nH 

a =9.4mm, t=3mm,R =80Q, L =1.9nH 
cyl eq p 

a =15.5mm, t=3mm,R =800, L =4.2nH 
cyl eq p 
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(b) 
Figure 7: The input impedances of (a) Throat1 and (b) Throat2 for different dimension sets. The CST-MWS 
simulation is depicted by the solid line and the corresponding circuit model by the dashed line. 
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